Abstract. The aim of this study was to improve our understanding and the current treatment of denervation-induced skeletal muscle atrophy. We used isobaric tags for relative and absolute quantification (iTRAQ) coupled with two-dimensional liquid chromatography-tandem mass spectrometry (2D LC-MS/MS) to identify the differentially expressed proteins in the tibialis anterior (TA) muscle of rats at 1 and 4 weeks following sciatic nerve transection. A total of 110 proteins was differentially expressed and was further classified using terms from the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) databases to unravel their molecular functions. Among the differentially expressed metabolic enzymes involved in glycolysis, Krebs cycle and oxidative phosphorylation, α-and β-enolase displayed an increased and decreased expression, respectively, which was further validated by western blot analysis and immunohistochemistry. These findings suggest that the enolase isozymic switch during denervation-induced muscle atrophy is the reverse of that occurring during muscle maturation. Notably, protein-protein interaction analysis using the STRING database indicated that the protein expression of tumor necrosis factor receptor-associated factor-6 (TRAF6), muscle ring-finger protein 1 (MuRF1) and muscle atrophy F-box (MAFBx) was also upregulated during denervation-induced skeletal muscle atrophy, which was confirmed by western blot analysis. TRAF6 knockdown experiments in L6 myotubes suggested that the decreased expression of TRAF6 attenuated glucocorticoid-induced myotube atrophy. Therefore, we hypothesized that the upregulation of TRAF6 may be involved in the development of denervation-induced muscle atrophy, at least in part, by regulating the expression of MAFBx and MuRF1 proteins. The data from the present study provide valuable insight into the molecular mechanisms regulating denervation-induced muscle atrophy.
Introduction
Skeletal muscle atrophy is a complex biochemical process occurring under various pathophysiological conditions in adult animals, such as disuse (e.g., immobilization, denervation, muscle unloading), starvation, aging and in syndromes, such as cachexia (1) . It is important to understand the molecular mechanisms underlying skeletal muscle atrophy and to develop effective strategies to delay its onset (2) (3) (4) . Denervation-induced muscle atrophy has received attention as it is commonly encountered in clinical practice and is very likely to cause extreme adverse effects (5, 6) . A number of factors that contribute to denervation-induced muscle atrophy have been identified, including neuromuscular alterations, altered protein synthesis and degradation, and apoptosis-induced muscle fiber loss (7) (8) (9) (10) . However, previous studies have mainly focused on single gene and/or protein changes potentially linked to skeletal muscle atrophy. Therefore, a global investigation of the protein expression changes may help to decipher the molecular basis of denervation-induced skeletal muscle atrophy.
Proteomics is a well-established approach for simultaneously detecting the expression of a high number of proteins in biological samples. Among the different proteomic techniques, isobaric tags for relative and absolute quantification (iTRAQ) labeling, albeit initially developed on the basis of traditional two-dimensional electrophoresis (2-DE), is particularly suitable and has proven to far surpass 2-DE in sample coverage and protein separation efficiency (11) . iTRAQ coupled with two-dimensional liquid chromatography-tandem mass spectrometry (2D LC-MS/MS) represents a state-of-the art tool, extensively used to identify and quantify differential proteomes.
In this study, we first examined the protein expression profile in denervated tibialis anterior (TA) muscle following sciatic nerve transection in rats, and then classified the differentially expressed proteins using Gene Ontology (GO) functional annotation and the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway terms, so as to investigate the functional implications of differential expression in TA muscle during denervation-induced atrophy. Additional protein-protein interaction analysis revealed that the tumor necrosis factor receptor-associated factor-6 (TRAF6) protein was also differentially expressed in denervated TA muscle, although this protein was not detected in our proteomics analysis, possibly due to its low abundance. TRAF6 knockdown experiments provided further evidence of the biological significance of TRAF6 in skeletal muscle atrophy.
Materials and methods
Animals and surgical procedures. Adult female Sprague-Dawley (SD) rats, weighing 180-220 g, were provided by the Experimental Animal Center of Nantong University. The rats were randomly divided into 2 groups, subsequently subjected to operation, and 1 control group (10 rats in each group). Animal handling procedures followed the Institutional Animal Care Guidelines of Nantong University and were approved by the Administration Committee of Experimental Animals, Jiangsu Province, China. The rats were subjected to sciatic nerve transection (operated groups) or sham operation (control group), as previously described (12) . At 1 and 4 weeks following the operation, the TA muscles were rapidly dissected from the operated side of the animals and immediately immersed in liquid nitrogen prior to use. TA muscles were also harvested from animals of the control group.
Protein sample preparation and iTRAQ labeling. Protein samples were extracted from the harvested muscles and quantified using the Protein Assay kit (Bio-Rad, Hercules, CA, USA). iTRAQ labeling of the protein samples was performed as previously described (12) . Briefly, 100 µg of each protein sample, obtained by acetone precipitation, was dissolved in 20 µl of dissolution buffer and sequentially reduced, alkylated and digested, followed by labeling with the iTRAQ tags 114, 115 and 116, and pooling for further analysis. The mixed iTRAQ-labeled sample was resuspended in buffer A (10 mM KH 2 PO 4 in 25% v/v acetonitrile at pH 2.7) and fractionated using an off-line strong cation exchange column on a 1100 HPLC system (Agilent Technologies, Waldbronn, Germany). Gradient elution was performed from 0% buffer B (10 mM KH 2 PO 4 in 25% v/v acetonitrile/350 mM KCL at pH 2.7) to 25% buffer B for 30 min, and then from 25% buffer B to 100% buffer B for 20 min. The fractions were collected at 2-min intervals, and desalted on Vivapure ® C18 Micro spin columns (Sartorius Stedim Biotech, Gottingen, Germany), and vacuum-dried prior to LC/MS/MS analysis. All reagents used in these procedures were purchased from Applied Biosystems (Foster City, CA, USA).
2D LC-MS/MS.
Online 2D nano LC-MS/MS analysis was performed as previously described (12) . Briefly, the peptides in each fraction were resuspended in 20 µl solvent A (water with 0.1% formic acid), separated by nano LC, and analyzed by on-line electrospray tandem mass spectrometry using the LTQ Orbitrap XL mass spectrometer (Thermo Electron Corp., Bremen, Germany). An 18-µl peptide sample was loaded for 5 min, with a flow of 20 µl/min, onto the peptide column Captrap (Michrom BioResources, Auburn, CA, USA), and subsequently eluted with a 3-step linear gradient, starting from 5% solvent B (acetonitrile with 0.1% formic acid) to 45% solvent B for 70 min, increased to 80% solvent B for 1 min, and then holding on 80% solvent B for 4 min. The electrospray voltage of 1.9 kV vs. the inlet of the mass spectrometer was used.
A LTQ Orbitrap XL mass spectrometer was operated in the data-dependent mode to switch automatically between MS and MS/MS acquisition. Survey full-scan MS spectra (m/z 400-2,000) were acquired with a mass resolution of 60,000 at m/z 400, followed by MS/MS of the 4 most intense peptide ions. The dissociation mode was higher energy C-trap dissociation (HCD), under which iTRAQ-labeled peptides fragmented to produce reporter ions at 114.1, 115.1 and 116.1. Fragment ions of the peptides were simultaneously produced, and sequencing of the labeled peptides allowed the identification of the corresponding proteins. Dynamic exclusion was used with 2 repeat counts (10-sec repeat duration), and the m/z values triggering MS/MS were placed on an exclusion list for 120 sec. For MS/ MS, precursor ions were activated using 40% normalized collision energy and an activation time of 30 msec. The peak intensity of the 3 iTRAQ reporter ions reflected the relative abundance of the peptides and thereby, proteins, in the samples.
Protein identification and quantification. The MS raw data were analyzed as previously described (12) . Briefly, MS/MS spectra were compared to rat data from the Swiss-Prot database (Release 2010_04) using the SEQUEST software v.28 (revision 12; Thermo Electron Corp.). The search parameters were set as follows: trypsin (KR) cleavage with 2 miscleavages allowed; carbamidomethylation of cysteine residues as fixed modification; iTRAQ modification of peptide N-termini, methionine oxidation, iTRAQ modification of lysine residues and N-terminal acetylation as variable modifications; peptide mass tolerance 20 ppm, and fragment ion tolerance 0.05 Da. Protein identification results were evaluated using the Trans Proteomic Pipeline (TPP) set of tools (revision 4.2), with quantification of iTRAQ reporter ion intensities performed using the Libra tool.
For the selection of differentially expressed proteins, we considered the following criteria, as previously described (13): i) proteins containing at least 2 unique high-scoring peptides; and ii) proteins with a median ratio above 2 or below 0.5; and iii) >95% confidence level in each comparison.
Bioinformatic analysis. The differentially expressed proteins were mapped to the appropriate GO database to calculate the number of genes at each node, and were classified according to molecular function. The differentially expressed proteins were further classified into the KEGG molecular pathway (http://www.genome.jp/kegg/pathway.html) to explore specific biological pathways affected by skeletal muscle atrophy. In addition, predicted protein-protein interactions for the list of differentially expressed proteins and the resulting network were retrieved and constructed using the STRING database version 9.0 (http://string-db.org) (14) .
Western blot analysis. Western blot analysis was used to confirm the expression of selected proteins as previously described (15) . Briefly, muscle protein samples were homogenized in RIPA buffer, separated by 1D electrophoresis and electroblotted onto a polyvinylidene fluoride (PVDF) membrane. The membrane was blocked with 5% non-fat dry milk in Tris-buffered saline (TBS) for 1 h at room temperature, followed by incubation with primary polyclonal antibodies: mouse anti-β-enolase (1:1,000; BD Biosciences, San Diego, CA, USA) and rabbit anti-α-enolase (1:500; AB Biotec, Stockholm, Sweden) in TBST (10 mM Tris-HCl, pH 7.5, 150 mM NaCl and 0.1% Tween-20) supplemented with 5% milk overnight at 4˚C. After washing in TBST, the membrane was incubated with HRP-conjugated goat anti-rabbit/mouse IgG polyclonal antibody (AB Biotec) for 60 min. Following TBST washes, immunoprobed proteins were visualized using the enhanced chemiluminescence method: Chemiluminescent solution luminol and hydrogen peroxide were provided with the ECL luminescence kit (Pierce Corp., Rockford, IL, USA). HRP catalyzes the reaction of luminol with hydrogen peroxide to generate a peroxide. The peroxide is unstable and easy to decompose to form a luminescent electron excitation energy intermediates, which will produce fluorescence, when the electron excitation energy intermediates return from the excited state to the ground state.
Immunohistochemistry. Immunohistochemical analysis was performed as described in a previous study (15) . Briefly, the TA muscle was dissected, post-fixed, dehydrated, and sectioned (8-µm-thick sections) using a cryostat; the sections were thawmounted onto poly-L-lysine-coated slides and stored at -20˚C prior to immunostaining. The slides were washed in phosphatebuffered saline (PBS) for 10 min at room temperature, blocked, and then incubated overnight at 4˚C with primary antibodies: mouse anti-β-enolase antibody and rabbit anti-α-enolase antibody (both at 1:100). After washing with PBS, the slides were incubated at 4˚C for 24 h with secondary goat antibodies labeled with fluorescein isothiocyanate 1 (FITC): anti-mouse IgG-FITC (1:100; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) and anti-rabbit IgG-FITC (1:200; Abcam, Cambridge, MA, USA). The slides were washed 3 times in PBS, coverslipped and visualized under a DMR fluorescent microscope (Leica Microsystems, Wetzlar, Germany).
Cell culture and small interfering RNA (siRNA) transfection.
The cells were cultured as previously described (16) . Briefly, L6 skeletal muscle cells were grown and maintained in high-glucose Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 µg/ml streptomycin in a 10% CO 2 humidified atmosphere at 37˚C. The cells grown in culture flasks up to approximately 80% confluency were trypsinized and seeded into a 6-well culture plate for incubation in DMEM containing 10% FBS, until they reached approximately 90% confluence. Following replacement of the medium with DMEM containing 2% horse serum, the cells were induced to differentiate until >90% had differentiated into myotubes. The resulting L6 myotubes were treated with 100 nM dexamethasone in 0.1% ethanol for 48 h. Dexamathasone is a glucocorticoid that induces myotube atrophy (16) .
TRAF6 siRNA oligonucleotides targeting rat TRAF6, and control oligonucleotides (TRAF6 siRNA negative control) were purchased from RiboBio Co., Ltd. (Guangzhou, China). Cells were transfected using riboFect™ CP reagent (RiboBio Co., Ltd.) according to the manufacturer's instructions. L6 myotubes were transfected with 100 nM TRAF6 siRNA or 100 nM negative control siRNA. Six hours later, the medium was replaced with differentiation medium. L6 myotubes were treated with 100 nM dexamathasone in 0.1% ethanol for 48 h and collected for RNA preparation. For myotube size quantification, the transfected L6 myotubes were fixed after 48 h of dexamatheasone treatment. Myotube cultures were photographed under a phase contrast microscope (Leica Microsystems). The diameters were measured in a total of 60 myotubes from at least 6 random fields using Image-Pro Plus software (Media Cybernetics, Silver Springs, MD, USA).
Quantitative reverse-transcription PCR (qRT-PCR).
Total RNA was extracted from the L6 myotubes, and reverse transcription was performed using Oligo(dT) primers (Shanghai Sangon Biotechnology Corp., Shanghai, China). cDNA was synthesized using an iScript cDNA Synthesis kit (Bio-Rad) following the manufacturer's instructions, and stored at -20˚C prior to use. All primers were purchased from Generay Biotech Co., Ltd. (Shanghai, China). The primers used in this study were as folows: TRAF6 forward, GGCA TTTACATTTGGAAGATTGGC and reverse, AGGGAAATG TAGTTTGCACAGCG; muscle ring-finger protein 1 (MuRF1) forward, GGTGCCTACTTGCTCCTTGTGC and reverse, CTGTTTTCCTTGGTCACTCGGC; muscle atrophy F-box (MAFbx) forward, GATCTTGTCTGACAAAGGGCAGC and reverse, GGGTGAAAGTGAGACGGAGCAG and GAPDH forward, CAACGGGAAACCCATCACCA and reverse, ACG CCAGTAGACTCCACGACAT. The PCR reactions were performed on the Applied Biosystems 7500 real-time PCR system using the iTaq Fast SYBR-Green Supermix (Bio-Rad) following the manufacturer's instructions. The cycle threshold (Ct) values, corresponding to the PCR cycle number at which fluorescence emission reached a threshold above baseline emission, were determined. mRNA expression levels were then calculated using the 2 -ΔΔCt method, as described in a previous study (16) . GAPDH served as an internal control.
Statistical analysis. All data are expressed as the means ± SD. One-way ANOVA was used to compare differences between groups. All statistical analyses were conducted with the Stata 7.0 software package (StataCorp LP, College Station, TX, USA). Values of p<0.05 were considered to indicate statistically significant differences.
Results

Screening of differentially expressed proteins and functional analysis iTRAQ-based proteomic analysis.
A total of 110 proteins were identified as differentially expressed (with criteria: p<0.05 and fold change of >2.0) in denervated TA muscle at 1 and 4 weeks following sciatic nerve transection. The 110 proteins are listed in Table I , and their expression levels relative to the control are displayed in a heatmap graphic (Fig. 1) .
GO functional annotation. The 110 differentially expressed proteins were grouped into 11 classes according to their molecular function based on GO terms (Table I) . The highest number of proteins was classified as metabolic enzymes, followed by structural proteins, signaling molecules, chaperones, extracellular matrix proteins and ubiquitin proteasome pathway-related proteins.
KEGG pathway identification. The 110 differentially expressed proteins were involved in a number of distinct pathways, such as glycolysis, Krebs (tricarboxylic acid/citrate) cycle, proteasome and MAPK signaling. The heatmap displaying the (Fig. 2) shows that during denervation-induced muscle atrophy, decreasing trends are observed for the Krebs cycle and glycolysis (at 4 weeks), while proteasome and MAPK signaling pathway genes showed an increasing trend at 4 weeks. Moreover, glycolysis-related genes were the most highly expressed in all conditions. Analysis with STRING databases. We searched for known and predicted interactions for the differentially expressed proteins identified by iTRAQ-based proteomics in the STRING protein-protein interaction database and constructed a protein-protein interaction network (Fig. 3) . The network predicted an interaction between ubiquitin-conjugating enzyme E2N (UBE2N), identified as upregulated in denervated atrophic skeletal muscle from our proteomics analysis, and TRAF6, which was not detected in our study. UBE2N is required for TRAF6 activation (17) . Therefore, we hypothesized that TRAF6 may also be expressed in denervated TA muscle and upregulated during denervation-induced atrophy. Furthermore, it was shown that TRAF6 activates both MuRF1 and muscle-specific ubiquitin E3-ligase atrophy gene-1/muscle atrophy F-box (Atrogin-1/MAFbx) (18) , which further suggests that the expression of MuRF1 and Atrogin-1/MAFbx is upregulated during the progression of muscle atrophy. Both hypotheses derived from the network analysis were confirmed by western blot analysis (see below).
Validation of selected differentially expressed proteins.
To validate the results obtained by iTRAQ coupled with 2DLC-MS/MS, 2 representative glycolytic enzymes, α-and β-enolase, were selected for western blot and immunohistochemical analyses. In these analyses, α-and β-enolase were found to be gradually up-and downregulated during denervation-induced atrophy in TA muscle, respectively ( Fig. 4A  and B) . The comparison between the western blot analysis and iTRAQ-based proteomics results for the 2 enzymes indicated that the expression change trends were consistent overall between the 2 methods, despite some deviations (Fig. 4A) . Western blot analysis was also carried out to confirm the hypothesis derived from the protein-protein interaction network. The results indicated that the protein expression of TRAF6, MAFBx and MuRF1 was significantly upregulated during denervation-induced muscle atrophy in TA muscle (Fig. 5) .
Involvement of TRAF6 in myotube atrophy. Light microscopy revealed that transfection of myotubes with the siRNA targeting TRAF6 attenuated dexamethasone-induced atrophy of L6 myotubes as compared to transfection with the negative control siRNA (Fig. 6A) . The diameter of L6 myotubes in which TRAF6 was knocked down was significantly larger than that of the myotubes transfected with the negative control (Fig. 6B) . In addition, qRT-PCR demonstrated the dexamethasone-induced upregulation of MAFBx and MuRF1, as well as the expected downregulation of TRAF6 expression by transfection with siRNA (Fig. 6C) .
Discussion
In this study, proteomic and bioinformatic analyses were performed to examined the changes in TA muscle during denervation-induced atrophy. Our findings are in agreement with results from previous global protein expression profiling studies in denervated skeletal muscle (12, 19) , but also identified novel protein targets that may be relevant to the pathobiology of muscle atrophy.
The majority of differentially expressed proteins in denervated TA muscle identified in our study are enzymes involved in the regulation of energy metabolism, including α-and β-enolase, glycogen phosphorylase muscle form (PYGM), creatine kinase M-type (KCRM) and GAPDH (G3P). Crossreferencing with KEGG pathway data indicated that these energy metabolism-related enzymes are involved in the glycolytic, Krebs cycle and oxidative phosphorylation pathways. These observations suggest that time-dependent changes in energy production might be a dominant molecular event occurring in denervated skeletal muscle. The altered expression of energy metabolism-related proteins can lead to an overall disturbance of the muscle, and ultimately contribute to the establishment of pathological states, such as atrophy (20) (21) (22) .
Enolase (2-phospho-D-glycerate hydrolase) is an essential dimeric glycolytic enzyme, and skeletal muscles contain 2 isoforms, α and β (15, 23) . A previous study demonstrated that the ubiquitous α-enolase and the muscle-specific β-enolase have the highest and lowest expression in undifferentiated myoblasts, respectively, and that a significant increase in the expression of β-enolase occurs upon differentiation of myoblasts and is maintained until the postnatal period (24) . By contrast, α-enolase has been rarely found expressed in the adult skeletal muscle. An isozymic switch from the embryonic α-towards the musclespecific β-enolase has been observed during differentiation and maturation of myoblasts with high-energy requirements (24, 25) . In our study, the expression of α-and β-enolase following muscle denervation in adult TA muscle was increased and decreased, respectively. This result suggests that an isozymic switch opposite to that occurring in muscle maturation (from the muscle-specific β-towards the embryonic α-enolase) takes place during denervation-induced muscle atrophy.
Enolase is a glycolytic enzyme that catalyses the conversion of 2-phosphoglycerate (2-PGA) to phosphoenolpyruvate (PEP) (24) . β-Enolase binds with high affinity to sarcomeric troponin at the subcellular site where glycolysis-produced ATP is most needed for muscle contraction (26) . In human muscles, the β-enolase subunit accounts for >90% of the total enolase activity (27) , and high levels of β-enolase characterize the glycolytic fast-twitch fibers of adult muscles. During the degeneration of myofibers, the drop in total enolase activity, mainly caused by a rapid decrease of β-enolase, correlates with myofiber degeneration (25) . In this study, β-enolase was significantly downregulated in denervated TA muscle, which might relate to the reduced production of ATP in glycolysis, the failure in maintenance of the fast-twitch skeletal muscle phenotype, and the myofiber degeneration observed in atrophy. These hypotheses remain to be further investigated.
Enolase is well known as an enzyme of the glycolytic pathway, ubiquitously expressed in the cytosol of prokaryotic and eukaryotic cells (28) . α-enolase is however a multifunctional protein; in addition to its glycolytic activity, this protein has plasminogen receptor functions and plays a regulatory role in extracellular remodelling processes such as myogenesis (29, 30) . In this study, α-enolase was significantly upregulated in denervated TA muscle, which might be associated with early stages of myogenesis following nerve transection. Furthermore, α-enolase was reported to be upregulated by hypoxia (31) and pro-inflammatory stimuli (32) , which are two common pathogenic characteristics of muscle atrophy (33) (34) (35) (36) . Based on these reports, we hypothesize that the significant upregulation of α-enolase might relate to the inflammatory environment of the denervated skeletal muscle. Pro-inflammatory cytokines play a key role in the pathophysiology of muscle atrophy through activation of atrophy-related genes, such as nucleasr factor (NF)-κB, TRAF6, MuRF1 and MAFbx (37) (38) (39) . Therefore, it appears that α-enolase plays a complex role in the regulation of denervation-induced muscle atrophy. The exact underlying mechanisms will be evaluated in a future study.
In proteomic studies, low-abundance proteins are commonly undetected. In this study, proteomic analysis indicated that the E2 polyubiquitin-conjugating enzyme UBE2N, required for TRAF6 activation (17) , is upregulated in denervated TA muscle. This result, combined with predictions of proteinprotein interactions based on the STRING database, allowed us to infer that TRAF6 might be upregulated in denervated TA muscle, although the expression of this protein was not directly assessed by iTRAQ-based proteomics (undetected protein). This hypothesis was confirmed by western blotting. Our finding on TRAF6 expression in denervation-induced muscle atrophy is consistent with a previous study of starvation-induced muscle atrophy (18) .
TRAF6 is a unique E3 ubiquitin ligase and adaptor protein involved in receptor-mediated activation of a number of signaling pathways, and its expression is enhanced during skeletal muscle atrophy (40) . Deletion of the TRAF6 reduced the expression of the muscle-specific ubiquitin ligases MuRF1 and MAFBx (18) , which are critical proteins in the development of muscle atrophy (41, 42) . We further inferred that MAFBx and MuRF1 may be upregulated in denervated TA muscle. The inference was also confirmed by western blot analysis.
We hypothesized that the increased expression of α-enolase in denervated TA muscle may relate to the activation of atrophy-related genes, including TRAF6, MuRF1 and MAFBx. Although these proteins were not identified by our proteomics analysis (possibly due to their low abundance), predicted interaction data from the STRING database allowed to infer a potential expression of the protein TRAF6 in denervated TA muscle. The expression of TRAF6, but also, MuRF1 and MAFBx proteins, was positively detected in denervated TA muscle with western blot analysis.
In order to investigate the potential involvement and the functional role of TRAF6 in the development of myotube atrophy, in this study, we examined the effects of siRNAmediated TRAF6 knockdown on dexamethasone-induced L6 myotube atrophy. In addition, the mRNA levels of TRAF6, MuRF1 and MAFBx were quantified by qRT-PCR in atrophied myotubes with the TRAF6 knockdown, and the results confirmed that TRAF6 may possibly exert its function through at least in part, regulating the muscle-specific ubiquitin ligases MAFBx and MuRF1.
In summary, the combined use of proteomics and bioinformatics provided additional knowledge on denervation-induced skeletal muscle atrophy. Hopefully, our findings may contribute to the understanding and treatment of skeletal muscle atrophy. This study also provided an example where a high number of proteins with high-or medium-abundance were identified with high confidence by an advanced proteomics technique, although even higher-sensitivity methods still remain to be developed so as to allow detection of low-abundance proteins. We suggest that subcellular fractionation techniques may be used in the future to reduce the sampling complexity and enrich for proteins of interest in skeletal muscle extracts, thereby allowing more a thorough analysis of the proteomic content of atrophied muscle.
